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FIG. 3
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FIG. 7
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FIG. 8
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FIG. 15
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1
SINGLE-EYE STEREOSCOPIC IMAGING
DEVICE, IMAGING METHOD AND
RECORDING MEDIUM

CROSS REFERENCE TO RELATED
APPLICATIONS

This non-provisional application is a Continuation of
International Application No. PCT/JP2012/070736 filed on
Aug. 15, 2012, which claims the benefit of Japanese Appli-
cation No. 2011-199709 filed in Japan on Sep. 13, 2011. The
entire contents of all of the above applications are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a single-eye stereoscopic
imaging device, an imaging method, and a recording
medium, in particular, to a single-eye stereoscopic imaging
device, an imaging method, and a program thereof which
acquire an image for a left eye and an image for a right eye
by capturing subject images which pass through different
regions of a single imaging optical system with various
imaging elements.

2. Description of the Related Art

JP2009-527007A discloses a single-eye stereoscopic
imaging device. In this single-eye stereoscopic imaging
device, subject images which pass through different regions
of'a main lens and a relay lens in the left and right direction
are pupil-divided using a mirror, and captured with imaging
elements via various capturing lenses.

Images which are in focus out of the pupil-divided images
are captured (matched) at the same position on the imaging
elements; however, front pin and rear pin images are cap-
tured (separated) at different positions on the imaging ele-
ments. Accordingly, due to the subject image which is
pupil-divided in the left and right direction being acquired
via the imaging elements, a left perspective image and a
right perspective image with different parallax according to
the subject distance are acquired and it is possible to display
a stereoscopic image by using the left perspective image and
the right perspective image which are acquired.

SUMMARY OF THE INVENTION

However, with the single-eye stereoscopic imaging
device described in JP2009-527007A, there are problems in
that a stercoscopic effect is automatically determined
according to the distance of the subject, and there are cases
where an appropriate stereoscopic effect is not achieved.

The present invention is created in consideration of the
situation described above and has an object of providing a
single-eye stereoscopic imaging device, an imaging method,
and a recording medium recorded with a program thereof
where imaging is possible with an appropriate stereoscopic
effect.

In order to achieve the object described above, a single-
eye stereoscopic imaging device according to an aspect of
the present invention includes a single imaging optical
system, an imaging element which acquires a plurality of
images by receiving light beams which each pass through
different regions of the imaging optical system, an aperture
where it is possible to change an aperture value, distance
information acquiring unit which determines a distribution
of distance information on subjects which are included in the
plurality of images based on the plurality of images, and
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control unit which controls the aperture value such that a
parallax amount of an image region, which is a target of
parallax adjustment, is a parallax amount within a predeter-
mined range, based on the distribution of the distance
information. Here, there are individual differences in the
parallax amounts; however, in the case of children, the
parallax is set to a parallax amount within a predetermined
range such that the parallax does not exceed 50 mm on the
display. In addition, here “distance information on the
subjects which are included in the plurality of images based
on the plurality of images” refers to information which
includes information which relates to parallax.

According to the single-eye stereoscopic imaging device
according to the aspect of the present invention, the distri-
bution of distance information on the subjects which are
included in the plurality of images which are obtained by
receiving light beams which each pass through different
regions in a single imaging optical system is determined, and
the aperture value is controlled such that a parallax amount
of'an image region, which is a target of parallax adjustment,
is a parallax amount within a predetermined range, based on
the distribution of the distance information. Due to this, it is
possible to image a parallax image with an appropriate
parallax amount.

In a single-eye stereoscopic imaging device according to
the aspect of the present invention, the distance information
acquiring unit may calculate distance information for each
pixel of a standard image which is one image out of a
plurality of images, and may create a histogram, in which the
first axis is the distance information and the second axis is
the number of pixels, where distance information is divided
into a plurality of classes for each distance range and the
number of pixels, where the distance information which is
calculated falls in the ranges of each of the classes, is the
frequency. Due to this, it is possible to clarify to what extent
a subject at any subject distance accounts for what ratio.

In a single-eye stereoscopic imaging device according to
the aspect of the present invention, the distance information
acquiring unit may divide a standard image, which is one
predetermined image out of a plurality of images, into a
plurality of regions, may calculate distance information for
each of the divided regions, may divide the distance infor-
mation into a plurality of classes for each distance range, and
may create a histogram, in which the first axis is distance
information and the second axis is the number of regions,
where the number of regions, where the distance information
which is calculated falls in the ranges of each of the classes,
is the frequency. Due to this, it is possible to clarify to what
extent a subject at any subject distance accounts for what
ratio.

In a single-eye stereoscopic imaging device according to
the aspect of the present invention, the distance information
acquiring unit may calculate distance information for each
pixel of the standard image and may calculate the distance
information for each of a plurality of regions by calculating
the average value of the distance information of the pixels
which are included in the regions for each of the divided
regions.

In a single-eye stereoscopic imaging device according to
the aspect of the present invention, the distance information
acquiring unit may calculate the distance information by
performing a pattern matching process between the standard
image and an image other than the standard image out of the
plurality of images.

In a single-eye stereoscopic imaging device according to
the aspect of the present invention, the control unit may
control the aperture value by setting at least one, in the
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histogram, of between a subject distance of the subject
which is in focus and a subject distance which has a peak in
the histogram at the near side (in a direction which
approaches the camera) and between a subject distance of
the subject which is in focus and a subject distance which
has a peak in the histogram at the far side (in a direction
which moves away from the camera), as an image region
which is a target of parallax adjustment. Due to this, it is
possible to appropriately adjust at least one, in the histo-
gram, of between a subject distance of the subject which is
in focus and a subject distance which has a peak at the near
side and between a subject distance of the subject which is
in focus and a subject distance which has a peak in the
histogram at the far side.

In a single-eye stereoscopic imaging device according to
the aspect of the present invention, the control unit may
control the aperture value by setting at least one of the
subject which is in focus and a subject with the widest area
at the near side from the subject which is in focus and the
subject which is in focus and a subject with the widest area
at the far side from the subject which is in focus as the image
region which is the target of parallax adjustment. Due to this,
it is possible to appropriately adjust at least one of a parallax
amount of a subject with the widest area at the near side from
the subject which is in focus and a subject with the widest
area at the far side from the subject which is in focus, or the
subject which is in focus and a subject with the widest area
at the near side from the subject which is in focus, and a
parallax amount of the subject which is in focus and a
subject with the widest area at the far side from the subject
which is in focus.

In a single-eye stereoscopic imaging device according to
the aspect of the present invention, the control unit may
determine an image region which is the target of parallax
adjustment by targeting regions, which are included in a
class where the frequency of the histogram is a threshold or
more, out of the plurality of regions which are divided. Due
to this, it is possible to determine the subject which is the
target of parallax adjustment by targeting only subjects
which account for a predetermined range within an image.

In a single-eye stereoscopic imaging device according to
the aspect of the present invention, the control unit may
control the aperture value and may set the parallax amount
between the subject which is in focus and the image region
which is the target of parallax adjustment to within a range
of constant values. Due to this, it is possible to appropriately
set at least one of the parallax amount in a jumping out
direction and a parallax amount in a depth direction.

In a single-eye stereoscopic imaging device according to
the aspect of the present invention, the distance information
acquiring unit may calculate the distance information by
adding weightings which differ according to the position of
the image. Due to this, it is possible to image parallax
images with a stereoscopic effect which better matches the
intention of the photographer.

In a single-eye stereoscopic imaging device according to
the aspect of the present invention, the imaging optical
system may include a focusing lens, and the control unit may
set the focusing lens to move such that the parallax of the
image region which is the target of the parallax adjustment
is a parallax amount within a predetermined range. Due to
this, even in a case where it is not possible to finish the
adjustment using only the aperture value, it is possible to
adjust the parallax amount.

A single-eye stereoscopic imaging method according to
another aspect of the present invention includes acquiring a
plurality of images by receiving light beams which each pass
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through different regions in a single imaging optical system,
determining the distribution of distance information on
subjects which are included in the plurality of images based
on the plurality of images, and controlling an aperture value
of an aperture such that a parallax amount of an image
region, which is a target of parallax adjustment, is a parallax
amount within a predetermined range, based on the distri-
bution of the distance information.

A non-transitory computer readable recording medium
recorded with a program according to still another aspect of
the present invention causing a calculating device to execute
acquiring a plurality of images by receiving light beams
which each pass through different regions in a single imag-
ing optical system, determining the distribution of distance
information on subjects which are included in the plurality
of images based on the plurality of images, and controlling
an aperture value of an aperture such that a parallax amount
of'an image region, which is a target of parallax adjustment,
is a parallax amount within a predetermined range, based on
the distribution of the distance information.

According to the present invention, imaging is possible
with an appropriate stereoscopic effect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a stereoscopic imaging
device.

FIG. 2 is a diagram which shows a configuration example
of a phase difference image sensor.

FIG. 3 is a diagram which primarily shows one pixel at a
time of second pixels.

FIG. 4A and FIG. 4B are enlarged diagrams of main parts
of FIG. 3.

FIG. 5 is a diagram which shows a relationship between
a subject distance and a parallax amount.

FIG. 6 is a flowchart which shows a flow of a parallax
amount adjustment process in a first embodiment.

FIG. 7 is an example of an imaging target.

FIG. 8 is an example of region division.

FIG. 9 is a histogram which shows distance distribution
when imaging the subject of FIG. 7.

FIG. 10 is an example of standard image data.

FIG. 11 is a flowchart which shows a flow of a parallax
amount adjustment process in a second embodiment.

FIG. 12 is a histogram which shows a distribution of
distance information in the second embodiment.

FIG. 13 is a flowchart which shows a flow of a parallax
amount adjustment process in a third embodiment.

FIG. 14 is an example of adding weighting.

FIG. 15 is a histogram which shows a distribution of
distance information in the third embodiment.

FIG. 16 is a flowchart which shows a flow of a parallax
amount adjustment process in a fourth embodiment.

FIG. 17 is a diagram which shows a relationship between
a subject distance and a parallax amount.

FIG. 18 is a flowchart which shows a flow of a parallax
amount adjustment process in a fifth embodiment.

FIG. 19 is a diagram which shows a relationship between
the subject distance and the parallax amount when a focus
position is changed.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Below, detailed description will be given of preferable
aspects for realizing the imaging device according to the
present invention with reference to the accompanying dia-
grams.
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First Embodiment
Description of Configuration of Imaging Device

FIG. 1 is a block diagram which shows an embodiment of
a single-eye stereoscopic imaging device 10 according to the
present invention. The single-eye stereoscopic imaging
device 10 is a digital camera which records onto a storage
medium by receiving light which passes through a lens with
an imaging element and converting the light into a digital
signal, and the operations of the apparatus as a whole are
generally controlled by a central processing unit (CPU) 40.

The single-eye stereoscopic imaging device 10 is pro-
vided with an operation section 38 with a shutter button, a
mode dial, a play button, a MENU/OK key, arrow keys, a
BACK key, and the like. Signals from the operation section
38 are input to the CPU 40 and the CPU 40 controls each of
the circuits of the single-eye stereoscopic imaging device 10
based on the input signal, for example, performing lens
driving control, aperture driving control, imaging operation
control, image processing control, recording/reproduction
control of image data, display control of a liquid crystal
monitor 30 for stereoscopic display, and the like.

The shutter button is an operation button for inputting an
instruction to start imaging, and is configured by a two stage
stroke switch which has an S1 switch which turns on when
pressed halfway and an S2 switch which turns on when fully
pressed. The mode dial is selection means which selects a
two-dimensional imaging mode, a stereoscopic imaging
mode, an auto-imaging mode, a manual imaging mode, a
scene position mode such as person, landscape, or night
view, a macro mode, a video mode, or a parallax priority
imaging mode according to the present invention.

The play button is a button for switching the reproduction
mode which displays still images or moving images of
stereoscopic images or two-dimensional images which were
imaged and recorded on the liquid crystal monitor 30. The
MENU/OK key is an operation key which functions as a
menu button for giving an instruction which displays a menu
on the screen of the liquid crystal monitor 30 and functions
as an OK button which gives instructions such as confirming
and executing selected contents. The arrow keys are opera-
tion sections which input instructions in four directions of
up, down, left, and right, and function as buttons (cursor
moving operation means) which select items from a menu
screen or which instruct the selection of various types of set
items from each of the menus. In addition, the up/down keys
of the arrow keys function as a zoom switch when imaging
or a reproduction zoom switch when in a reproduction mode
and the left/right keys function as frame-by-frame feeding
(forward/reverse feeding) buttons when in the reproduction
mode. The BACK key cancels a desired target such as a
selection item, deletes instruction content, or is used at times
such as when returning to the previous operation state.

When in the imaging mode, image light which shows the
subject is captured on a light receiving surface of a phase
difference CCD 16 which is a solid-state imaging element
via an imaging optical system 12, which includes a focus
lens and a zoom lens, and an aperture 14.

The imaging optical system 12 performs focus control,
zoom control, and the like by being driven by a lens driving
section 36 which is controlled by the CPU 40.

The aperture 14, for example, is formed of five aperture
blades, driven by an aperture driving section 34 which is
controlled by the CPU 40, and, for instance, is aperture-
controlled in six stages from the aperture value F1.4 to F11
in increments of 1 AV. In addition, the CPU 40 performs
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control or the like of the charge accumulation time (shutter
speed) in the phase difference CCD 16 via a CCD control
section 32 and of the reading out of image signals from the
phase difference CCD 16.

FIG. 2 is a diagram which shows a configuration example
of the phase difference CCD 16 (a single-eye stereoscopic
image element).

The phase difference CCD 16 has pixels (first pixels) of
odd numbered lines and pixels (second pixels) of even
numbered lines which are each arranged in a matrix form,
and, mainly, it is possible for image signals of two planes
which are each photoelectrically converted in the second
pixels to be read out independently.

Out of the pixels which are provided with R (red), G
(green), and B (blue) color filters, lines with a pixel arrange-
ment of GRGR . . . and lines with a pixel arrangement of
BGBG . . . are alternately provided in the odd numbered
lines (1, 3, 5, . . . ) of the phase difference CCD 16 as shown
in FIG. 2, while for the pixels of even numbered lines (2, 4,
6, . .. ), lines with a pixel arrangement of GRGR . . . and
lines with a pixel arrangement of BGBG . . . are alternately
provided similarly to the odd numbered lines and the pixels
are arranged to be shifted in the line direction at a half pitch
with regard to the pixels of the even numbered lines.

FIG. 3 is a diagram which shows the imaging optical
system 12, the aperture 14, and one pixel each of a first pixel
PDa and a second pixel PDb of the phase difference CCD 16,
and FIG. 4A and FIG. 4B are enlarged diagrams of main
parts of FIG. 3.

In the normal CCD pixels (photodiode PD) as shown in
FIG. 4A, light beams which pass through the exit pupil are
incident without being restricted by a microlens L.

In contrast, as shown in FIG. 4B, a shielding member 16 A
is formed at a first pixel PDa and a second pixel PDb of the
phase difference CCD 16 and the right half or the left half
of the light receiving surfaces of the first pixel PDa and the
second pixel PDb is shielded by the shielding member 16A.
That is, the shielding member 16A has a function as a pupil
dividing member.

Here, the phase difference CCD 16 with the configuration
described above is configured such that regions (right half
and left half) where light beams are restricted by the
shielding member 16 A are different in the first pixel PDa and
the second pixel PDb; however, the present invention is not
limited thereto, and the microlens L and the photodiode PD
(PDa and PDb) may be relatively shifted in the left and right
direction without providing the shielding member 16A and
the light beams which are incident to the photodiode PD may
be restricted according to the direction of the shifting, in
addition, the light beams which are incident to each of the
pixels may be restricted by providing one microlens with
regard to two pixels (the first pixel and the second pixel).

Returning to FIG. 1, the signal charges which are accu-
mulated in the phase difference CCD 16 are read out as a
voltage signal according to a signal charge based on a read
out signal which is applied from the CCD control section 32.
The voltage signal which is read out from the phase differ-
ence CCD 16 is applied to an analog signal processing
section 18, whereby the R, G, and B signals for each of the
pixels here are sampled and held, and applied to an A/D
converter 20 after being amplified at a gain (corresponding
to ISO sensitivity) which is specified from the CPU 40. The
A/D converter 20 converts the R, G, and B signals which are
sequentially input into digital R, G, and B signals, and then
outputs these to an image input controller 22.

A digital signal processing section 24 performs predeter-
mined signal processes such as an offset process, gain
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control processes which include white balance correction
and sensitivity correction, a gamma correction process, a
synchronization process, a YC process, sharpness correc-
tion, and the like with regard to the digital image signals
which are input via the image input controller 22.

In addition, an EEPROM 56 is a non-volatile memory
which stores a camera control program, defect information
of the phase difference CCD 16, various types of parameters
or tables to be used in image processes or the like, program
line diagrams, a plurality of parallax priority program line
diagrams according to the present invention, and the like.

Here, as shown in FIGS. 2(B) and 2(C), the standard
image data which is read out from the first pixels of the odd
numbered lines of the phase difference CCD 16 is processed
as left perspective image data, and the reference image data
which is read out from the second pixels of the even
numbered lines is processed as right perspective image data.

The left perspective image data and the right perspective
image data (stereoscopic image data) which are processed
by the digital signal processing section 24 are input to a
VRAM 50. The VRAM 50 includes an A region and a B
region which each store stereoscopic image data which
represents one frame of a stereoscopic image. The stereo-
scopic image data which represents the one frame of the
stereoscopic image is alternately rewritten in the A region
and the B region in the VRAM 50. In the A region and the
B region of the VRAM 50, the stereoscopic image data
which is written is read out from the region other than the
region where the stereoscopic image data is being rewritten.
The stereoscopic image data which is read out from the
VRAM 50 is encoded in a video encoder 28 and output to
the liquid crystal monitor 30 (LCD) for stereoscopic display
which is provided on the rear surface of the camera, whereby
a stereoscopic subject image is displayed on the display
screen of the liquid crystal monitor 30.

The liquid crystal monitor 30 is stercoscopic display
means which is able to display a stereoscopic perspective
image (a left perspective image and a right perspective
image) as directive images which each have a predetermined
directivity according to a parallax barrier; however, the
present invention is not limited thereto, and the liquid crystal
monitor 30 may be means which uses a lenticular lens, or
means where it is possible to view a left perspective image
and a right perspective image independently by the use of
dedicated glasses such as polarized glasses, or liquid crystal
shutter glasses.

In addition, when the shutter button of the operation
section 38 is pressed (halfway pressed) at a first stage, the
phase difference CCD 16 starts the AF operation and the AE
operation, and controls the focus lens inside the imaging
optical system 12 to come to the focus position via the lens
driving section 36. In addition, the image data which is read
out from the A/D converter 20 when the shutter button is
half-pressed is taken in by an AE/AWB detecting section 44.

The AE/AWB detecting section 44 integrates a G signal
for the entire screen, or integrates a G signal where different
weightings are added at a screen central portion and a
peripheral section, and outputs this integrated value to the
CPU 40. The CPU 40 calculates the brightness (imaging EV
value) of the subject according to the integrated value which
is input from the AE/AWB detecting section 44, determines
the aperture value of the aperture 14 and an electron shutter
(shutter speed) of the phase difference CCD 16 according to
a predetermined program line diagram based on the imaging
EV value, controls the aperture 14 via the aperture driving
section 34 based on the determined aperture value, and
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controls the charge accumulation time in the phase differ-
ence CCD 16 via the CCD control section 32 based on the
determined shutter speed.

In addition, the AE/AWB detecting section 44 divides one
screen into a plurality of areas (for example, 16x16) and
calculates the average integrated value for each color of the
image signals of R, G, and B for each area which is divided
as the physical amounts which are necessary for the AWB
control. The CPU 40 obtains ratios of R/G and B/G for each
divided area from the integrated value of R, the integrated
value of B, and the integrated value of G, which are
obtained, and performs light source type discrimination
based on the distribution or the like in the color spaces of
R/G and B/G with the obtained R/G and B/G values.
According to a white balance adjustment value which is
suitable for the light source type which is discriminated, a
gain value (a white balance correction value) with regard to
the R, and B signals of the white balance adjusting circuit is
determined such that, for example, the values of each of the
ratios become approximately 1 (in other words, in one
screen, the integrated ratio of RGB is R:G:B=1:1:1).

An AF processing section 42 is a portion which performs
a contrast AF process or a phase AF process. In a case where
a contrast AF process is performed, a high frequency com-
ponent of the image data inside a predetermined focus
region (referred to below as an AF area) is extracted out of
at least one of image data of the left perspective image data
and the right perspective image data, and an AF evaluation
value which indicates the focus state is calculated by inte-
grating the high frequency component. AF control is per-
formed by controlling the focus lens inside the imaging
optical system 12 such that the AF evaluation value becomes
the maximum. Here, the calculation of the AF evaluation
value may use the G signal, or may use another image signal
such as a luminance signal (a Y signal). In addition, in a case
where the phase difference AF process is performed, a phase
difference in the image data which corresponds to the first
pixels and the second pixels inside the predetermined AF
area out of the left perspective image data and the right
perspective image data is detected, and a defocus amount is
determined based on information which indicates the phase
difference. The AF control is performed by controlling the
focus lens inside the imaging optical system 12 such that the
defocus amount becomes zero. The AF area is set, for
example, as the screen central portion; however, the entire
screen may be set as the AF area, or a region in the vicinity
of a desired subject (for example, a face) may be set as the
AF area. Here, since methods of detecting faces are already
well-known, description thereof will be omitted.

In the single-eye sterecoscopic imaging device 10, since
the image which is in focus is captured (matched) at the
same position on the phase difference CCD 16, the parallax
amount is zero; however, since the images which are not in
focus are captured at different positions on the phase dif-
ference CCD 186, the parallax amount is applied according to
the distance to the subject. FIG. 5 is a graph which shows a
relationship between the distance to the subject (referred to
below as subject distance) and the parallax, and is a graph
of F values which are different in a case where a subject
which is at a position of 1 m is in focus. In a case where the
F values are the same, when comparing the parallax amount
of a subject which is at a position of 3 m and the parallax
amount of a subject which is at a position of 10 m, a parallax
amount b of the subject which is at 10 m is larger than a
parallax amount a of the subject which is at a position of 3
m. Accordingly, depending on the subject distance, cases
where the parallax amount is not appropriate are likely to
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occur. Since the parallax amount is difficult to see when the
parallax amount is a constant value or more and it is difficult
to obtain a stereoscopic effect when the parallax amount is
a constant value or less, control is performed such that the
parallax amount is optimum by changing the F value.

Here, in FIG. 5, a parallax amount of 0 has the meaning
that there is no parallax, that is, being displayed on a position
on the liquid crystal monitor 30 surface. In addition, a +
parallax amount has the meaning of parallax in the depth
direction from the liquid crystal monitor 30 surface, and a -
parallax amount has the meaning of parallax in the jumping
out direction (the front side) from the liquid crystal monitor
30 surface.

Even at the same subject distance, the parallax amount is
different depending on the F value. When the light beams
which are incident on the phase difference CCD 16 are
reduced, that is, when the F value is increased, the range of
the subject distance which is in focus is widened. In contrast,
when the light beams which are incident on the phase
difference CCD 16 are increased, that is, when the F value
is reduced, the range of the subject distance which is in focus
is narrowed. Accordingly, as shown in FIG. 5, the shape of
the graph becomes gentler as the F value is increased, that
is, the parallax amount between the standard image and the
reference image is reduced. In addition, the shape of the
graph becomes steeper as the F value is reduced, that is, the
parallax amount between the standard image and the refer-
ence image is increased.

Here, in FIG. 5, there is a case where the subject at a
position of 1 m is in focus; however, for example, in a case
where a subject at a position of 3 m is in focus, the graph of
FIG. 5 is moved in parallel in the right direction such that the
horizontal axis intersects at the point of 3 m.

When the AE operation and the AF operation are finished
and the shutter button is pressed to the second stage (fully
pressed), image data of two parts of a left eye image (a
standard image) and a right eye image (a reference image)
which correspond to the first pixels and the second pixels
which are output from the A/D converter 20 in response to
the pressing is input from the image input controller 22 and
temporarily stored in a memory (SDRAM) 48.

The image data of two parts which is temporarily stored
in the memory 48 is appropriately read out by the digital
signal processing section 24, and predetermined signal pro-
cesses are performed which include processes (YC pro-
cesses) which generate luminance data and color-difference
data for the image data. The image data (YC data) which is
YC processed is stored in the memory 48 again. Subse-
quently, two parts of YC data are each output to a compres-
sion and expansion processing section 26 and stored in the
memory 48 again after a predetermined compression process
such as JPEG (joint photographic experts group) is per-
formed thereon.

A multi-picture file (MP file: a file format where a
plurality of images are linked) is generated from the YC data
(compressed data) of two parts which is stored in the
memory 48, and the MP file is read out by a media controller
52 and recorded on a memory card 54.

Here, the AF operation is performed not only in a case
where the shutter button is pressed to the first stage (pressed
halfway), but also in a case where the image data of two
parts for the left eye image and the right eye image, that is,
right eye image data and left eye image data, are imaged
continuously. Examples of a case where the right eye image
data and left eye image data are imaged continuously
include a case of imaging a live view image (a through
image), or a case of imaging a video. In such a case, when
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continuously imaging the right eye image data and the left
eye image data, the AF processing section 42 performs
continuous AF which continuously controls the focus lens
position by performing repeated calculation of the AF evalu-
ation value or performing detection of the phase difference.

[Description of Operation of Imaging Device]

Next, description will be given of the operation of the
single-eye stereoscopic imaging device 10. This imaging
process is controlled by the CPU 40. A program for execut-
ing this imaging process in the CPU 40 is stored in a
program loading section inside the CPU 40.

The subject light which passed through the imaging
optical system 12 is captured on a light receiving surface of
the phase difference CCD 16 via the aperture 14. According
to the CCD control section 32, signal charges which are
stored in the first pixels and the second pixels of the phase
difference CCD 16 are sequentially read out at a predeter-
mined frame rate as voltage signals (image signals) accord-
ing to the signal charge, sequentially input to a digital signal
processing section 24 via an analog signal processing sec-
tion 18, the A/D converter 20, and the image input controller
22, and left eye image data and right eye image data are
sequentially generated. The left eye image data and the right
eye image data which are generated are sequentially input to
the VRAM 50.

The CPU 40 changes the aperture value (the F value)
which is the opening amount of the aperture 14 via the
aperture driving section 34 based on the left eye image data
and the right eye image data. In addition, the CPU 40
performs zooming via the lens driving section 36 according
to the input from the operation section 38.

It is possible for the photographer to confirm the angle of
view by looking at the image (the live view image) which is
displayed in real time on the liquid crystal monitor 30.

When the shutter button is half-pressed, an SION signal
is input to the CPU 40, and the CPU 40 carries out the
AE/AF/AWB operations via the AF processing section 42
and the AE/AWB detecting section 44.

FIG. 6 is a flowchart which shows a flow of a parallax
amount adjustment process which controls the aperture
value (the F value) such that the parallax amount between
the subject which is closest to the photographer and the
subject which is furthest from the photographer is appropri-
ate after the AE/AF/AWB operation. This process is primar-
ily performed by the CPU 40.

The CPU 40 determines whether or not the AF process is
finished (step S10). In a case where the AF process is not
finished (NO in step S10), step S10 is performed again.

In a case where the AF process is finished (YES in step
S10), the subject distance of the subject which is in focus is
determined (step S11). It is possible for the subject distance
of the subject which is in focus to be calculated from the
position of the focus lens. Due to this, a graph which shows
the relationship between the distance and the parallax
amount which are shown in FIG. 5 is confirmed.

The CPU 40 creates a histogram of the distance frequency
(step S12). Description will be given of the process of step
S12 with an example of a case where the subject which is
shown in FIG. 7 is imaged.

First, the CPU 40 calculates the subject distance for each
pixel of the standard image data (or the reference image
data, the same applies below). It is possible to determine the
subject distance from the phase difference which is obtained
by performing the pattern matching process between the
standard image and the reference image. In addition, deter-
mination is also possible by performing dividing distance
measurement for each pixel.
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The CPU 40 also functions as the distance information
acquiring unit, and creates a histogram using the data which
is created. FIG. 9 (8) is a histogram of a case where the
subject which is shown in FIG. 7 is imaged. The horizontal
axis is the subject distance and is divided into a plurality of
classes. In addition, the vertical axis is the number of pixels
where the subject distance of each of the pixels which is
calculated falls into the range of each of the classes. Due to
this, it is possible to obtain the variations in the subject
distance, and to what extent a subject at any subject distance
accounts for what ratio, that is, the distribution of the
distance information of the subject. In a case of the subject
which is shown in FIG. 7, it is understood that the configu-
ration primarily has three parts of a focus position (a person
A), a subject at a close distance (flowers B), and a subject at
a far distance (a background C).

Here, the method of creating a histogram is not limited to
this. For example, data which is basis of the histogram may
be created by dividing the standard image data into a
plurality of regions as shown in FIG. 8 (9) and calculating
the average value of the subject distances which are calcu-
lated for each of the pixels for each of the regions, and the
histogram may be created based on this data. In such a case,
the vertical axis is the number of regions where the average
value which is calculated falls into the range of each of the
classes. The horizontal axis is the subject distance. In
addition, the subject distance of the regions may be calcu-
lated based on the subject distances which are calculated for
each of the pixels, or may be calculated based on the phase
difference of the regions. It is possible for the phase differ-
ence of the regions to be calculated by performing pattern
matching between the standard image data and the reference
image data.

The CPU 40 searches for the class with the highest
frequency which is the peak at the side which is nearer (in
the direction which approaches the camera) than the focus
distance (the subject distance of the subject which is in
focus) based on the histogram (step S13). In the case shown
in FIG. 9, this is a.. The CPU 40 selects pixels which have
a subject distance within a range which is searched in step
S13 from the standard image data and the reference image
data, and sets a rectangular area Ln which includes these
pixels (step S14). Due to this, the nearest subject is set as the
target of the parallax adjustment. When the first pixel data
which images the subject which is shown in FIG. 7 is set to
FIG. 10, a rectangular area L.a which includes pixels within
a subject distance range of o in FIG. 9 is set in FIG. 10. By
setting the rectangular area and limiting the area which is
calculated to within a specific range, it is possible to shorten
the calculation time.

The CPU 40 calculates the average value (average par-
allax amount) Pn of the parallax amounts of each of the
pixels which are included in the rectangular area Ln which
is set in step S14 (step S15). The parallax amount is a
shifting amount of the target pixels between the first pixel
data and the second pixel data, and is represented by the
number of pixels. For example, in a case where the center of
the flowers in the first pixel data and the center of the flowers
in the second pixel data are shifted by 5 pixels, the parallax
amount is 5 pixels. Here, Pn is determined by the absolute
value of the parallax amount.

The CPU 40 confirms whether Pn which is calculated in
step S15 is within the range of the parallax amounts a and
a-tl which are set in advance (step S16). That is, it is
confirmed whether the parallax amount between the subject
which is in focus and the nearest subject is within a range of
constant parallax amounts a and atl. The parallax amount a
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is set to a predetermined value within a stereoscopic per-
spective fusion range. The stereoscopic perspective fusion
range is a parallax amount where it is possible for a person
to comfortably view the image in three-dimensions, and is a
range which is not an excessive parallax or a divergent
parallax. These are primarily set from conditions such as the
screen size of the stereoscopic display apparatus, and the
viewing distance.

In a case where Pn is not within a range of the parallax
amounts a and a-tl which are set in advance (NO in step
S16) and where Pn is smaller than the parallax amount a-t1,
since the parallax amount is excessively small and an
appropriate stereoscopic effect is not obtained in this case,
the CPU 40 opens the aperture 14 at a first stage via the
aperture driving section 34 and increases the parallax
amount (step S17). In addition, in a case where Pn is not
within the range of the parallax amounts a and a—t1 which
are set in advance (NO in step S16) and where Pn is larger
than the parallax amount a, since the stereoscopic effect is
excessively strong in this case, the CPU 40 closes the
aperture 14 at a first stage via the aperture driving section 34
and reduces the parallax amount (step S18).

As aresult, it is determined whether or not the aperture 14
reaches the limit aperture value (step S19). In a case where
the limit aperture value is not reached (NO in step S19),
since it is possible to adjust the parallax amount, the flow
returns to step S15, and the parallax amount is confirmed
again.

In a case where Pn is within the range of the parallax
amounts a and a-t1 which are set in advance (YES in step
S16) and where Pn is the limit aperture value (YES in step
S19), the CPU 40 searches for the class with the highest
frequency which is the peak at a side which is further (in the
direction which moves away from the camera) than the
focus distance based on the histogram (step S20). In the case
shown in FIG. 9, this is . The CPU 40 selects the pixels
which have a subject distance within the range which is
searched in step S20 from the standard image data and the
reference image data, and sets a rectangular area Lf which
includes these pixels (step S21). Due to this, the furthest
subject is set as the target of parallax adjustment. When the
first pixel data which images the subject which is shown in
FIG. 7 is set to FIG. 10, a rectangular area L. which includes
pixels within a subject distance range of f§ in FIG. 9 is set
in FIG. 10.

The CPU 40 calculates an average value (an average
parallax amount) Pf of the parallax amounts of each of the
pixels which are included in the rectangular area Lf which
is set in step S21 (step S22). The calculation of the parallax
amount is the same as in step S15. Here, Pf is determined by
the absolute value of the parallax amount. The CPU 40
confirms whether the Pf which is calculated in step S22 is
the parallax amount b which is set in advance or less (step
S23). That is, it is confirmed whether the parallax amount
between the subject which is in focus and the furthest subject
is the parallax amount b or less. The parallax amount b is set
to a predetermined value within a stereoscopic perspective
fusion range.

In a case where Pf is not the parallax amount b which is
set in advance or less (NO in step S23), since the stereo-
scopic effect is excessively strong in this case, the parallax
amount is reduced, whereby the aperture value of the
aperture 14 is closed at the first stage via the aperture driving
section 34 (step S24). As a result, it is determined whether
or not the aperture 14 reaches the limit aperture value (step
S25). In a case where the limit aperture value is not reached
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(NO in step S25), since it is possible to adjust the parallax
amount, the flow returns to step S22, and the parallax
amount is confirmed again.

In a case where Pf is the parallax amount b which is set
in advance or less (YES in step S23) and the limit aperture
value (YES in step S25), the parallax amount adjustment
process is finished.

Due to this, it is possible for the parallax amount between
a and f in FIG. 9, that is, the parallax amount between the
nearest subject and the furthest subject to be within a
predetermined range. Here, since the change amount of the
parallax amount according to the aperture changes greatly as
the distance is closer, the adjustment is performed by pri-
oritizing the parallax at the near distance side in the present
embodiment.

After that, when the shutter button is fully pressed, an
S20N signal is input to the CPU 40, and the CPU 40 starts
the imaging and recording processes. That is, the phase
difference CCD 16 is exposed at a shutter speed and an
aperture value which are determined based on a photometry
result.

After the image data of two parts which are output from
each of the first pixels and the second pixels of the phase
difference CCD 16 is taken into the VRAM 50 via an analog
processing section 60, the A/D converter 20, and the image
input controller 22 and converted to a luminance/color-
difference signal in the image signal processing section 64,
the image data is loaded into the VRAM 50. After the left
eye image data which is loaded into the VRAM 50 is applied
to the compression and expansion processing section 26 and
compressed according to a predetermined compression for-
mat (for example, JPEG format), the left eye image data is
loaded into the VRAM 50.

An MP file is generated from the compressed data of two
parts which are stored in the VRAM 50, and the MP file is
recorded in the memory card 54 via a media controller 2.
Due to this, a stereoscopic perspective image is imaged and
recorded.

Here, in the present embodiment, description was given of
an example of a case of imaging a stereoscopic perspective
image; however, it is possible for the single-eye stereoscopic
imaging device 10 to image both two-dimensional images
and stereoscopic perspective images. In a case where a
two-dimensional image is imaged, it is sufficient to perform
the imaging using only the first pixels of the phase difference
CCD 16. Since the details of the imaging process are the
same as a case of imaging a stereoscopic perspective image,
description thereof will be omitted.

It is possible for the images which are recorded on the
memory card 54 in the above manner to be reproduced and
displayed by the liquid crystal monitor 30 by setting the
mode of the single-eye stereoscopic imaging device 10 to
the reproduction mode using the play button.

When set to the reproduction mode, the CPU 40 outputs
a command to the media controller 52 and reads out the last
image file to be recorded on the memory card 54.

After the compressed image data of the image file which
is read out is applied to the compression and expansion
processing section 26 and expanded by a decompression
luminance/color-difference signal, the image data is output
to the liquid crystal monitor 30 via the video encoder 28.

Frame-by-frame feeding of the image is performed using
left and right key operations of the arrow keys, and when the
right key of the arrow keys is pressed, the next image file is
read out from the memory card 54 to be reproduced and
displayed on the liquid crystal monitor 30. In addition, when
the left key of the arrow keys is pressed, the previous image
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file is read out from the memory card 54 to be reproduced
and displayed on the liquid crystal monitor 30.

According to the present embodiment, it is possible to
appropriately set the parallax amount between the subject
which is furthest from the photographer and the subject
which is nearest.

Here, in the present embodiment, the parallax amount Pn
of the near subject is adjusted first, and the parallax amount
Pf of the far subject is adjusted second; however, the
parallax amount of the far subject may be adjusted first and
the parallax amount of the near subject may be adjusted
second.

Second Embodiment

In the first embodiment of the present invention, the
parallax amount is appropriately set between the subject
which is furthest from the photographer and the subject
which is nearest; however, the subject which is the target for
appropriately setting the parallax amount (the subject which
is the target of the parallax adjustment) is not limited thereto.

The second embodiment of the present invention is an
aspect which determines the subject which is the target of
the parallax adjustment by targeting only subjects which
account for a predetermined range within each image of the
standard image and the reference image. Below, description
will be given of a single-eye stereoscopic imaging device
10-1 according to the second embodiment. Here, description
will be omitted for portions which are the same as the first
embodiment.

FIG. 11 is a flowchart which shows a flow of a parallax
amount adjustment process which controls the F value such
that the parallax amount is appropriately set between the
subject which is nearest the photographer and the subject
which is furthest from the photographer out of the subjects
which account for a predetermined range within each image
of the standard image and the reference image after the
AE/AF/AWB operation. This process is primarily performed
by the CPU 40.

The CPU 40 determines whether or not the AF process is
finished (step S10). In a case where the AF process is not
finished (NO in step S10), step S10 is performed again. In
a case where the AF process is finished (YES in step S10),
the subject distance of the subject which is in focus is
determined (step S11).

The CPU 40 creates a histogram with a distance fre-
quency which is the distribution of the distance information
(step S12). The CPU 40, which also functions as control unit
which controls the parallax amount of the image regions
which are the target of parallax adjustment using the aper-
ture value based on the distribution of the distance infor-
mation, searches for the focus distance and the class with the
highest frequency which is a peak at the near side thereof (in
the direction which approaches the camera) from among the
classes where the frequency of the histogram is a threshold
or more (step S30). When the histogram which is created in
step S12 is set as FIG. 12, the subject (person A) which is
in focus is the threshold or more; however, there is no class
which is the histogram threshold or more at the side nearer
than the focus distance. Accordingly, the CPU 40 sets the
class y of the person A as the search result. A class where the
frequency of the histogram is the threshold or more has the
meaning of accounting for a predetermined range within
each of the images of the standard image and the reference
image. Accordingly, by limiting the frequency of the histo-
gram to a class which is the threshold or more, it is possible
to exclude subjects with a narrow range which are imaged
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from the subjects which are the target of the parallax
adjustment. In the example shown in FIG. 12, the area of the
flowers B is determined to have a narrow reflected range,
and is excluded from the subjects which are targets of
parallax adjustment. Here, a value which is set in advance
may be used as the threshold, the photographer may change
the threshold via the operation section 38, or the CPU 40
may automatically set the threshold such that, for example,
three classes exceed the threshold.

The CPU 40 selects pixels which have a subject distance
which is within the range which is searched in step S30 from
the standard image data and the reference image data, and
sets a rectangular area Ln which includes these pixels (step
S31). The CPU 40 calculates the average value (average
parallax amount) Pn of the parallax amounts of each of the
pixels which are included in the rectangular area Ln which
is set in step S14 (step S15).

The CPU 40 confirms whether or not Pn which is calcu-
lates in step S15 is within a range of the parallax amount a
to a-t1 which are set in advance (step S16). The parallax
amount a is set to a predetermined value within a stereo-
scopic perspective fusion range.

In a case where Pn is not within the range of the parallax
amounts a and a-tl which are set in advance (NO in step
S16) and where Pn is smaller than the parallax amount a-t1,
since the parallax amount is excessively small and an
appropriate stereoscopic effect is not obtained in this case,
the CPU 40 opens the aperture 14 at a first stage via the
aperture driving section 34 and increases the parallax
amount (step S17). In addition, in a case where Pn is not
within the range of the parallax amounts a and a—tl which
are set in advance (NO in step S16) and where Pn is larger
than the parallax amount a, since the stereoscopic effect is
excessively strong in this case, the CPU 40 closes the
aperture 14 at a first stage via the aperture driving section 34
and reduces the parallax amount (step S18).

As aresult, it is determined whether or not the aperture 14
reaches the limit aperture value (step S19). In a case where
the limit aperture value is not reached (NO in step S19),
since it is possible to adjust the parallax amount, the flow
returns to step S15, and the parallax amount is confirmed
again.

In a case where Pn is within the range of the parallax
amounts a and a-t1 which are set in advance (YES in step
S16) and where Pn is the limit aperture value (YES in step
S19), the CPU 40 searches for the focus distance and the
class with the highest frequency which is the peak at a side
which is further (in the direction which moves away from
the camera) than the focus distance from among those where
the frequency of the histogram is the threshold or more (step
S32). In the case shown in FIG. 12, this is f.

The CPU 40 selects pixels which have a subject distance
which is within the range which is searched in step S31 from
the standard image data and the reference image data, and
sets a rectangular area Lf which includes these pixels (step
S33).

The CPU 40 calculates an average value (an average
parallax amount) Pf of the parallax amounts of each of the
pixels which are included in the rectangular area Lf which
is set in step S21 (step S22). The calculation of the parallax
amount is the same as in step S15. The CPU 40 confirms
whether the Pf which is calculated in step S22 is the parallax
amount b which is set in advance or less (step S23). The
parallax amount b is set to a predetermined value within a
stereoscopic perspective fusion range.

In a case where Pf is not the parallax amount b which is
set in advance or less (NO in step S23), since the stereo-
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scopic effect is excessively strong in this case, the parallax
amount is reduced, whereby the aperture value of the
aperture 14 is closed at the first stage via the aperture driving
section 34 (step S24). As a result, it is determined whether
or not the aperture 14 reaches the limit aperture value (step
S25). In a case where the limit aperture value is not reached
(NO in step S25), since it is possible to adjust the parallax
amount, the flow returns to step S22, and the parallax
amount is confirmed again.

In a case where Pf is the parallax amount b which is set
in advance or less (YES in step S23) and the limit aperture
value (YES in step S25), the parallax amount adjustment
process is finished. Due to this, it is possible for the parallax
amount between y and [ in FIG. 12 to be within a prede-
termined range.

According to the present embodiment, by excluding the
subjects with a narrow range which are imaged from the
subjects which are the targets of the parallax adjustment, the
subject which is the target of the parallax adjustment is set
from among the subjects with a constant ratio or more in the
images which are imaged, and it is possible to set the
parallax amount between these subjects to an appropriate
parallax amount. Accordingly, it is possible to image a
parallax image with a more appropriate stereoscopic effect.

Here, in the present embodiment, the threshold is not
changed during the process; however, the threshold may be
adjusted in cases or the like where it is hard to see the target
of the parallax adjustment when the threshold is excessively
high. The adjustment of the threshold may be performed
automatically by the CPU 40, or may be performed upon
instruction from the photographer.

In addition, in the present embodiment, in steps S30 and
S32, the subject which is the target of parallax adjustment is
set by searching for the focus distance and the class with the
highest frequency which is the peak at the near side or the
far side thereof from among the classes where the frequency
of the histogram is the threshold or more; however, the
subject which is the target of the parallax adjustment is not
limited thereto. For example, the subject which is the
parallax target may be set by searching for the class of the
nearest side or the furthest side from among the classes
where the frequency of the histogram is the threshold or
more. In FIG. 12, the class which is one to the right of the
class P is the subject which is the parallax target.

Third Embodiment

In the first embodiment of the present invention, the
parallax amount is appropriately set between the subject
which is furthest from the photographer and the subject
which is nearest; however, the subject which is the target for
appropriately setting the parallax amount (the subject which
is the target of the parallax adjustment) is not limited thereto.

Below, description will be given of a single-eye stereo-
scopic imaging device 10-2 according to the third embodi-
ment. Here, description will be omitted for portions which
are the same as the first embodiment.

FIG. 13 is a flowchart which shows a flow of a parallax
amount adjustment process which controls the F value such
that the parallax amount between the subjects which are the
target of the parallax adjustment is appropriately set after the
AE/AF/AWB operation. This process is primarily performed
by the CPU 40.

The CPU 40 determines whether or not the AF process is
finished (step S10). In a case where the AF process is not
finished (NO in step S10), step S10 is performed again. In
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a case where the AF process is finished (YES in step S10),
the subject distance of the subject which is in focus is
determined (step S11).

The CPU 40 applies a weighting according to the position
of the pixels and creates a histogram of the distance fre-
quency (step S40). Below, description will be given of the
process of step S40.

First, the CPU 40 calculates the subject distance for each
of the pixels of the standard image data in a similar manner
to step S12. Next, in a similar manner to step S12, the CPU
40 divides the standard image data into a plurality of regions
as shown in FIG. 8 and calculates the total value of the
subject distances which are calculated for each of the pixels
for each of the regions. Finally, the CPU 40 creates the data
on which the histogram is based by adding a weighting
according to the position of each of the regions. In the
present embodiment, as shown in FIG. 14, the weighting is
increased at the upper side of the image and the weighting
decreases toward the lower side. For example, usually, the
frequency is one; however, in a case where the weighting is
increased, for example, doubled, the frequency is two, and
in a case where the weighting is reduced, for example,
halved, a process which sets the frequency to 0.5 is per-
formed. Since the parallax amount is easily increased at the
side where the subject distance is nearer than the focus
distance, when there is a subject where the subject distance
is close, there is control which reduces the parallax amount
quickly. Accordingly, by increasing the weighting of the
upper side of an image where it is thought that there are
many subjects at a far distance, data where a weighting is
added to the subjects at a far distance is generated.

The CPU 40 creates a histogram by using the weighted
data. FIG. 15 shows the created histogram. The horizontal
axis is the subject distance and the vertical axis is the
frequency of the regions where the total values of the subject
distance are included in each of the subject distance ranges.
In comparison with FIG. 9 which is a histogram which is
created without weighting with regard to the same subject,
it is understood that the frequency of classes which are
equivalent to the person A and the background C is
increased.

The CPU 40 searches for the class with the highest
frequency which is the peak at the side which is nearer (in
the direction which approaches the camera) than the focus
distance (the subject distance of the subject which is in
focus) based on the histogram (step S13). The CPU 40
selects pixels which have a subject distance within a range
which is searched in step S13 from the standard image data
and the reference image data, and sets a rectangular area Ln
which includes these pixels (step S14). The CPU 40 calcu-
lates the average value (average parallax amount) Pn of the
parallax amounts of each of the pixels which are included in
the rectangular area Ln which is set in step S14 (step S15).

The CPU 40 confirms whether or not Pn which is calcu-
lated in step S15 is within a range of the parallax amount a
to a-t1 which are set in advance (step S16). The parallax
amount a is set to a predetermined value within a stereo-
scopic perspective fusion range.

In a case where Pn is not within the range of the parallax
amounts a and a-tl which are set in advance (NO in step
S16) and where Pn is smaller than the parallax amount a-t1,
since the parallax amount is excessively small and an
appropriate stereoscopic effect is not obtained in this case,
the CPU 40 opens the aperture 14 at a first stage via the
aperture driving section 34 and increases the parallax
amount (step S17). In addition, in a case where Pn is not
within the range of the parallax amounts a and a—tl which
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are set in advance (NO in step S16) and where Pn is larger
than the parallax amount a, since the stereoscopic effect is
excessively strong in this case, the CPU 40 closes the
aperture 14 at a first stage via the aperture driving section 34
and reduces the parallax amount (step S18).

As aresult, it is determined whether or not the aperture 14
reaches the limit aperture value (step S19). In a case where
the limit aperture value is not reached (NO in step S19),
since it is possible to adjust the parallax amount, the flow
returns to step S15, and the parallax amount is confirmed
again.

In a case where Pn is within the range of the parallax
amounts a and a-t1 which are set in advance (YES in step
S16) and where Pn is the limit aperture value (YES in step
S19), the CPU 40 searches for the class with the highest
frequency which is the peak at a side which is further (in the
direction which moves away from the camera) than the
focus distance based on the histogram (step S20). The CPU
40 selects the pixels which have a subject distance within the
range which is searched in step S20 from the standard image
data and the reference image data, and sets a rectangular area
Lf which includes these pixels (step S21).

The CPU 40 calculates an average value (an average
parallax amount) Pf of the parallax amounts of each of the
pixels which are included in the rectangular area Lf which
is set in step S21 (step S22). The calculation of the parallax
amount is the same as in step S15 The CPU 40 confirms
whether the Pf which is calculated in step S22 is the parallax
amount b which is set in advance or less (step S23). The
parallax amount b is set to a predetermined value within a
stereoscopic perspective fusion range.

In a case where Pf is not the parallax amount b which is
set in advance or less (NO in step S23), since the stereo-
scopic effect is excessively strong in this case, the parallax
amount is reduced, whereby the aperture value of the
aperture 14 is closed at the first stage via the aperture driving
section 34 (step S24). As a result, it is determined whether
or not the aperture 14 reaches the limit aperture value (step
S25). In a case where the limit aperture value is not reached
(NO in step S25), since it is possible to adjust the parallax
amount, the flow returns to step S22, and the parallax
amount is confirmed again.

In a case where Pf is the parallax amount b which is set
in advance or less (YES in step S23) and the limit aperture
value (YES in step S25), the parallax amount adjustment
process is finished. Due to this, it is possible for the parallax
amount between y and [ in FIG. 12 to be within a prede-
termined range.

According to the present embodiment, by creating a
distribution of distance information by weighting according
to the positions of the pixels, it is possible to image parallax
images with a stereoscopic effect which better matches the
intention of the photographer.

In addition, in the present embodiment, by increasing the
weighting of the upper side of an image where it is thought
that there are many subjects at a far distance, a histogram is
created by generating data which is weighted for the subjects
at a far distance; however, the weighting method is not
limited thereto, and it is possible for the photographer to
arbitrarily set the method via the operation section 38 or the
like. For example, the weighting may be increased at the
center of an image where it is thought that an important
subject is imaged.

In addition, in the present embodiment, the histogram is
created by adding a weighting according to the position, and
the aperture value is controlled such that the parallax amount
between the nearest subject and the furthest subject is



US 9,462,252 B2

19

appropriately set; however, the aperture value may be con-
trolled by setting the subject which is the target of parallax
adjustment by limiting to classes where the frequency is the
threshold or more with regard to the histogram where a
weighting is added according to position.

Fourth Embodiment

In the first embodiment of the present invention, the
parallax amount is appropriately set between the subject
which is furthest from the photographer and the subject
which is nearest; however, the subject which is the target for
appropriately setting the parallax amount (the subject which
is the target of the parallax adjustment) is not limited thereto.

The fourth embodiment of the present invention is an
aspect which refers to the subject which is in focus and
which optimally controls the parallax amount based on two
sets of information on the parallax amount up to the subject
which is furthest from the photographer and the parallax
amount up to the subject which is closest to the photogra-
pher. Below, description will be given of a single-eye
stereoscopic imaging device 10-3 according to the fourth
embodiment. Here, description will be omitted for portions
which are the same as the first embodiment.

FIG. 16 is a flowchart which shows a flow of a parallax
amount adjustment process which controls the F value such
that the parallax amount between the subjects which are the
target of the parallax adjustment is appropriately set after the
AE/AF/AWB operation. This process is primarily performed
by the CPU 40.

The CPU 40 determines whether or not the AF process is
finished (step S10). In a case where the AF process is not
finished (NO in step S10), step S10 is performed again. In
a case where the AF process is finished (YES in step S10),
the subject distance of the subject which is in focus is
determined (step S11).

The CPU 40 creates a histogram with a distance fre-
quency (step S12). The CPU 40 searches for the class with
the highest frequency which is the peak at the side which is
nearer (in the direction which approaches the camera) than
the focus distance (the subject distance of the subject which
is in focus) based on the histogram (step S13). The CPU 40
selects pixels which have a subject distance within a range
which is searched in step S13 from the standard image data
and the reference image data, and sets a rectangular area Ln
which includes these pixels (step S14). The CPU 40 calcu-
lates the average value (average parallax amount) Pn of the
parallax amounts of each of the pixels which are included in
the rectangular area Ln which is set in step S14 (step S15).

In addition, the CPU 40 searches for the class with the
highest frequency which is the peak at a side which is further
(in the direction which moves away from the camera) than
the focus distance based on the histogram (step S20). The
CPU 40 selects the pixels which have a subject distance
within the range which is searched in step S20 from the
standard image data and the reference image data, and sets
a rectangular area Lf which includes these pixels (step S21).
The CPU 40 calculates an average value (an average par-
allax amount) Pf of the parallax amounts of each of the
pixels which are included in the rectangular area Lf which
is set in step S21 (step S22).

The CPU 40 compares Pn and Pf and determines which is
largest (step S50). In the example shown in FIG. 17, the
parallax amount Pn between the person B and the flowers A
which are the subjects which are in focus is larger than the
parallax amount Pf between the person B and the back-
ground C. In a case where it is determined that Pn and Pf are
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the same or that Pn is larger in step S50, the CPU 40
confirms whether or not the Pn which is calculated in step
S15 is within a range of parallax amounts a to a-t1 which are
set in advance (step S16).

In a case where Pn is not within the range of the parallax
amounts a and a-tl which are set in advance (NO in step
S16) and where Pn is smaller than the parallax amount a-t1,
since the parallax amount is excessively small and an
appropriate stereoscopic effect is not obtained in this case,
the CPU 40 opens the aperture 14 at a first stage via the
aperture driving section 34 and increases the parallax
amount (step S17). In addition, in a case where Pn is not
within the range of the parallax amounts a and a—t1 which
are set in advance (NO in step S16) and where Pn is larger
than the parallax amount a, since the stereoscopic effect is
excessively strong in this case, the CPU 40 closes the
aperture 14 at a first stage via the aperture driving section 34
and reduces the parallax amount (step S18).

As aresult, it is determined whether or not the aperture 14
reaches the limit aperture value (step S19). In a case where
the limit aperture value is not reached (NO in step S19),
since it is possible to adjust the parallax amount, the flow
returns to step S16, and the parallax amount is confirmed
again.

In a case where it is determined that Pn is larger in step
S50, the CPU 40 confirms whether the Pf which is calculated
in step S22 is the parallax amount b which is set in advance
or less (step S23). The parallax amount b is set to a
predetermined value within a stereoscopic perspective
fusion range.

In a case where Pf is not the parallax amount b which is
set in advance or less (NO in step S23), since the stereo-
scopic effect is excessively strong in this case, the parallax
amount is reduced, whereby the aperture value of the
aperture 14 is closed at the first stage via the aperture driving
section 34 (step S24). As a result, it is determined whether
or not the aperture 14 reaches the limit aperture value (step
S25). In a case where the limit aperture value is not reached
(NO in step S25), since it is possible to adjust the parallax
amount, the flow returns to step S23, and the parallax
amount is confirmed again.

In a case where Pn is within the range of the parallax
amounts a and a-t1 which are set in advance (YES in step
S16) and a case where Pn is the parallax amount b or less
which is set in advance (YES in step S23) and the limit
aperture value (YES in step S19 and S25), the parallax
amount adjustment process is finished.

According to the present embodiment, it is possible to
refer to the subject which is in focus and to appropriately
control the parallax amount between the subject which is in
focus and the nearest subject, that is, the parallax amount in
the jumping out direction, or the parallax amount between
the subject which is in focus and the furthest subject, that is,
the parallax amount in the depth direction.

Here, in the present embodiment, since the near distance
side is prioritized, the adjustment of the parallax amount is
performed using Pn in a case where Pn and Pf are the same;
however, the adjustment of the parallax amount may be
performed using Pf in a case where Pn and Pf are the same.

In addition, in the present embodiment, Pn and Pf are
compared and the adjustment of the parallax amount is
performed with reference to the larger; however, the pho-
tographer may set the reference. In the example which is
shown in FIG. 17, in a case where subjects on the far side
are set to be prioritized by the photographer via the operation
section 38, the CPU 40 controls the aperture value of the
aperture 14 so as to appropriately set the parallax amount
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between the person B and the background C. In such a case,
even when the parallax amount between person A and the
flowers B is larger than the parallax amount a as a result of
performing the control of the aperture value, the CPU 40
controls the aperture value such that the parallax amount
between the background C which is a far subject and the
person B is appropriately set. Due to this, it is possible to
image a parallax image with a stereoscopic effect as desired
by the photographer.

Fifth Embodiment

The fourth embodiment of the present invention is an
aspect which refers to the subject which is in focus and
optimally controls either of a parallax amount up to a subject
which is far from the photographer and a parallax amount up
to a subject which is near the photographer; however, both
may be optimally controlled.

The fifth embodiment of the present invention is an aspect
which optimizes both of the parallax amount up to a subject
which is far from the subject which is under focus and a
parallax amount up to a subject which is near the subject
which is under focus. Below, description will be given of a
single-eye stercoscopic imaging device 10-4 according to
the fifth embodiment. Here, description will be omitted for
portions which are the same as the first embodiment.

FIG. 18 is a flowchart which shows a flow of a parallax
amount adjustment process which controls the F value such
that the parallax amount between the subjects which are the
targets of parallax adjustment is appropriate after the
AE/AF/AWB operation. This process is primarily performed
by the CPU 40.

The CPU 40 determines whether or not the AF process is
finished (step S10). In a case where the AF process is not
finished (NO in step S10), step S10 is performed again. In
a case where the AF process is finished (YES in step S10),
the subject distance of the subject which is in focus is
determined (step S11).

The CPU 40 creates a histogram with a distance fre-
quency (step S12). The CPU 40 searches for the class with
the highest frequency which is the peak at the side which is
nearer (in the direction which approaches the camera) than
the focus distance (the subject distance of the subject which
is in focus) based on the histogram (step S13). The CPU 40
selects pixels which have a subject distance within a range
which is searched in step S13 from the right image data and
the left image data (the standard image is the right image and
the reference image is the left image), and sets a rectangular
area Ln which includes these pixels (step S14). The CPU 40
calculates the average value (average parallax amount) Pn of
the parallax amounts of each of the pixels which are
included in the rectangular area Ln which is set in step S14
(step S15).

In addition, the CPU 40 searches for the class with the
highest frequency which is the peak at a side which is further
(in the direction which moves away from the camera) than
the focus distance based on the histogram (step S20). The
CPU 40 selects the pixels which have a subject distance
within the range which is searched in step S20 from the
standard image data and the reference image data, and sets
a rectangular area Lf which includes these pixels (step S21).
The CPU 40 calculates an average value (an average par-
allax amount) Pf of the parallax amounts of each of the
pixels which are included in the rectangular area Lf which
is set in step S21 (step S22).

The CPU 40 confirms whether the Pf which is calculated
in step S22 is the parallax amount b which is set in advance
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or less (step S23). The parallax amount b is set to a
predetermined value within a stereoscopic perspective
fusion range.

In a case where Pf is not the parallax amount b which is
set in advance or less (NO in step S23), since the stereo-
scopic effect is excessively strong in this case, the parallax
amount is reduced, whereby the aperture value of the
aperture 14 is closed at the first stage via the aperture driving
section 34 (step S24). As a result, it is determined whether
or not the aperture 14 reaches the limit aperture value (step
S25). In a case where the limit aperture value is not reached
(NO in step S25), since it is possible to adjust the parallax
amount, the flow returns to step S23, and the parallax
amount is confirmed again. Due to this, the parallax amount
between the subject which is at the focus position and the far
subject is adjusted to be appropriate.

In a case where it is determined that Pn is the parallax
amount b which is set in advance or less (YES in step S23)
and the limit aperture value (YES in step S25), the CPU 40
confirms whether or not the Pn which is calculated in step
S15 is within a range of parallax amounts a to atl which are
set in advance (step S16).

In a case where Pn is not within a range of the parallax
amounts a to a—t1 which are set in advance (NO in step S16),
the CPU 40 moves the focus lens via the lens driving section
36 such that Pn fits within the range of the parallax amounts
a to a-tl which are set in advance (step S60). For example,
in a case where the parallax amount Pn is larger than the
parallax amount a in FIG. 17, the CPU 40 moves the focus
lens such that the parallax amount Pn is in the range of the
parallax amounts a to a—tl. As a result, as shown in FIG. 19,
the parallax amount Pn becomes a parallax amount Pn'
which is within a range of the parallax amount a to a-t1, the
person A which is the subject at the focus position has a
parallax amount X in the depth direction by being moved to
the far side from the focus distance, and the parallax amount
Pf becomes a parallax amount Pf' which is smaller than Pf.

In a case where Pn is within the range of the parallax
amounts a to a—tl which are set in advance (YES in step
S16), the parallax amount adjustment process is finished.

According to the present embodiment, by controlling the
focus position in addition to the control of the aperture
value, it is possible to perform more precise adjustment of
the parallax amount in a case where one or the other of the
parallax amount between the subject which is in focus and
the near subject and the parallax amount between the subject
which is in focus and the far subject is excessively large or
excessively small.

Here, in the present embodiment, firstly, the parallax
amount of the subject at the far side is adjusted by control
of the aperture and the parallax amount of the subject at the
near side is adjusted by control of the focus position;
however, the parallax amount of the subject at the near side
may be adjusted by control of the aperture and the parallax
amount of the subject at the far side may be adjusted by
control of the focus position.

In addition, in the flow which is shown in FIG. 6 of the
first embodiment, in a case where adjustment of the parallax
amount by the aperture value is not possible due to the limit
aperture value (NO in step S19 and S25), the adjustment of
the parallax amount may be performed by controlling the
focus position. For example, in a case where FIG. 6 is the
limit aperture value in step S19 (YES in step S19), it is
sufficient if the CPU 40 returns to step S15 in FIG. 6 again
by moving the focus lens (step S60 in FIG. 19) via the lens
driving section 36 such that Pn fits within the range of the
parallax amounts a and a—-tl which are set in advance.
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Here, in the present embodiment, description was given of
an example using a CCD as the imaging element; however,
the present invention is not limited to a CCD. The present
invention is also applicable to other image sensors such as
CMOS. In addition, it should be noted that it is possible for
the program described above to cause a calculating device to
execute acquiring a plurality of images by receiving light
beams which each pass through different regions in a single
imaging optical system, determining the distribution of
distance information on subjects which are included in the
plurality of images based on the plurality of images, and
controlling a parallax amount of an image region, which is
a target of parallax adjustment, using the aperture value,
based on the distribution of the distance information.

Above, description was given of the present invention
using embodiments; however, the technical scope of the
present invention is not limited to the range which is
described in the embodiments described above. It would be
clear to a person skilled in the art that it is possible to add
various modifications or improvements to the embodiments
described above. It is clear from the description in the scope
of the claims that aspects where such modifications or
improvements are added may be included in the technical
range of the present invention.

For example, instead of the phase difference imaging
elements in the left and right direction as shown in FIG. 2,
it is also possible to use phase difference imaging elements
in the left and right direction and the up and down direction.
In such a case, by including a total of four pixels of two in
the left and right direction and two in the up and down
direction in one pixel, it is possible to obtain four image
signals at one time. Even in a case where four image signals
are obtained, it is possible to obtain the same results by
selecting the top left image as the standard image, selecting
a desired image from among the remaining three images as
the reference image, and performing processing a plurality
of times with respect to the two images which are selected.
That is, although two images are set as a target in the scope
of the claims, the present invention is not limited to a case
of acquiring two images, and it is possible to apply the
present invention to all cases of acquiring a plurality of two
or more images.

It should be noted that the order of executing each of the
processes in the operation, the procedures, the steps, the
stages, and the like in the apparatus, the system, the pro-
gram, and the method which are shown in the scope of the
claims, the specification, and in the drawings may be imple-
mented in an arbitrary order as long as there is no particular
indication of “prior to”, “before”, or the like and the output
of a preceding process is not used in a subsequent process.
Even when description was given relating to the operation
flow in the scope of the claims, the specification, and the
drawings using “Firstly,” “Next,” or the like for conve-
nience, this does not mean that the execution is necessarily
in this order.

What is claimed is:

1. A single-eye stereoscopic imaging device comprising:

a single imaging optical system which includes a focus
lens;

an imaging element which acquires a plurality of images
by receiving light beams which each pass through
different regions of the imaging optical system;

an aperture where it is possible to change an aperture
value;
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distance information acquiring unit which determines a
distribution of distance information on subjects which
are included in the plurality of images based on the
plurality of images,

wherein the distance information acquiring unit divides
the standard image which is one image out of a plurality
of images into a plurality of regions, calculates the
distance information for each of the plurality of divided
regions, divides the distance information into a plural-
ity of classes for each distance range, and creates a
histogram where the number of regions, where the
distance information which is calculated falls in the
ranges of each of the classes, is the frequency; and

control unit which controls the aperture value and move-
ment of the focus lens such that a parallax amount of an
image region, which is a target of parallax adjustment,
is a parallax amount within a predetermined range
based on the distribution of the distance information.

2. The single-eye sterecoscopic imaging device according
to claim 1, wherein the distance information acquiring unit
calculates distance information for each pixel of a standard
image which is one image out of a plurality of images,
divides the distance information into a plurality of classes
for each distance range, and creates a histogram where the
number of pixels, where the distance information which is
calculated falls in the ranges of each of the classes, is the
frequency.

3. The single-eye stercoscopic imaging device according
to claim 2, wherein the distance information acquiring unit
calculates the distance information by performing a pattern
matching process between the standard image and an image
other than the standard image out of the plurality of images.

4. The single-eye stercoscopic imaging device according
to claim 2, wherein the control unit controls the aperture
value by setting at least one, in the histogram, of between a
subject distance of the subject which is in focus and a subject
distance which has a peak in the histogram on the near side,
and between a subject distance of the subject which is in
focus and a subject distance which has a peak in the
histogram on the far side as the image region which is the
target of the parallax adjustment.

5. The single-eye sterecoscopic imaging device according
to claim 4, wherein the control unit controls the aperture
value and sets the parallax amount between the subject
which is in focus and the image region which is the target of
the parallax adjustment to within a range of constant values.

6. The single-eye stereoscopic imaging device according
to claim 2, wherein the control unit determines an image
region which is the target of the parallax adjustment by
targeting regions, which are included in a class where the
frequency of the histogram is a threshold or more, out of the
plurality of regions which are divided.

7. The single-eye stercoscopic imaging device according
to claim 6, wherein the control unit controls the aperture
value and sets the parallax amount between the subject
which is in focus and the image region which is the target of
the parallax adjustment to within a range of constant values.

8. The single-eye stercoscopic imaging device according
to claim 2, wherein the distance information acquiring unit
calculates the distance information by adding weightings
which differ according to the position inside any image of
the plurality of images.

9. The single-eye stercoscopic imaging device according
to claim 1, wherein the distance information acquiring unit
calculates the distance information for each pixel of the
standard image and calculates the distance information for
each of the plurality of regions by calculating the average
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value of the distance information of pixels, which are
included in each of the regions which are divided, for each
of the regions.

10. The single-eye stereoscopic imaging device according
to claim 9, wherein the control unit controls the aperture
value by setting at least one, in the histogram, of between a
subject distance of the subject which is in focus and a subject
distance which has a peak in the histogram on the near side,
and between a subject distance of the subject which is in
focus and a subject distance which has a peak in the
histogram on the far side as the image region which is the
target of the parallax adjustment.

11. The single-eye stercoscopic imaging device according
to claim 10, wherein the control unit controls the aperture
value and sets the parallax amount between the subject
which is in focus and the image region which is the target of
the parallax adjustment to within a range of constant values.

12. The single-eye stereoscopic imaging device according
to claim 9, wherein the control unit determines an image
region which is the target of the parallax adjustment by
targeting regions, which are included in a class where the
frequency of the histogram is a threshold or more, out of the
plurality of regions which are divided.

13. The single-eye stereoscopic imaging device according
to claim 1, wherein the distance information acquiring unit
calculates the distance information by performing a pattern
matching process between the standard image and an image
other than the standard image out of the plurality of images.

14. The single-eye stereoscopic imaging device according
to claim 1, wherein the control unit controls the aperture
value by setting at least one, in the histogram, of between a
subject distance of the subject which is in focus and a subject
distance which has a peak in the histogram on the near side,
and between a subject distance of the subject which is in
focus and a subject distance which has a peak in the
histogram on the far side as the image region which is the
target of the parallax adjustment.

15. The single-eye stereoscopic imaging device according
to claim 14, wherein the control unit controls the aperture
value and sets the parallax amount between the subject
which is in focus and the image region which is the target of
the parallax adjustment to within a range of constant values.

16. The single-eye stereoscopic imaging device according
to claim 1, wherein the control unit determines an image
region which is the target of the parallax adjustment by
targeting regions, which are included in a class where the
frequency of the histogram is a threshold or more, out of the
plurality of regions which are divided.

17. The single-eye stereoscopic imaging device according
to claim 1, wherein the distance information acquiring unit
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calculates the distance information by adding weightings
which differ according to the position inside any image of
the plurality of images.
18. A single-eye stereoscopic imaging method for the
single-eye stereoscopic imaging device according to claim 1
comprising:
acquiring a plurality of images by receiving light beams
which each pass through different regions in a single
imaging optical system which includes a focus lens;

determining the distribution of distance information on
subjects which are included in the plurality of images
based on the plurality of images,
wherein the distance information in a standard image
which is one image out of a plurality of images is
divided into a plurality of regions, the distance infor-
mation for each of the plurality of divided regions is
calculated, the distance information is divided into a
plurality of classes for each distance range, and a
histogram is created where the number of regions,
where the distance information which is calculated falls
in the ranges of each of the classes, is the frequency;
and
controlling an aperture value and movement of the focus
lens such that a parallax amount of an image region,
which is a target of parallax adjustment, is a parallax
amount within a predetermined range based on the
distribution of the distance information.
19. A non-transitory computer readable recording medium
recorded with a program causing a calculating device
according to claim 1 to execute:
acquiring a plurality of images by receiving light beams
which each pass through different regions in a single
imaging optical system which includes a focus lens;

determining the distribution of distance information on
subjects which are included in the plurality of images
based on the plurality of images,

wherein the distance information in a standard image

which is one image out of a plurality of images is
divided into a plurality of regions, the distance infor-
mation for each of the plurality of divided regions is
calculated, the distance information is divided into a
plurality of classes for each distance range, and a
histogram is created where the number of regions,
where the distance information which is calculated falls
in the ranges of each of the classes, is the frequency;
and

controlling an aperture value and movement of the focus

lens such that a parallax amount of an image region,
which is a target of parallax adjustment, is a parallax
amount within a predetermined range based on the
distribution of the distance information.

#* #* #* #* #*



